Abstract. Developing new blueberry cultivars requires plant breeders to be aware of current and emerging needs throughout the supply chain, from producer to consumer. Because breeding perennial crop plants (such as blueberry) is time-and resourceintensive, understanding and targeting priority traits is critical to enhancing the efficiency of breeding programs. This study assesses blueberry industry breeding priorities for fruit and plant quality traits based on a survey conducted at commodity group meetings across nine U.S. states and in British Columbia (Canada) between Nov. 2016 and Mar. 2017. In general, industry responses signaled that the most important trait cluster was fruit quality including the firmness, flavor, and shelf life. Fruit quality traits affect price premiums received by producers; influence consumer's preferences; and have the potential to increase the feasibility of mechanical harvesting, all critical to the economic viability of the industry. There were differences across regions in the relative importance assigned to traits for disease resistance, arthropod resistance, and tolerance to abiotic stresses. Our findings will be useful to researchers seeking solutions for challenges to the North American blueberry industry including development of new cultivars with improved traits using accelerated DNA-based selection strategies.
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North America, led by the United States, is the world's largest producer of blueberries. Driven in part by the recognition of health benefits associated with blueberry consumption (Forney and Kalt, 2011) , world production grew 35% from 2006 to 2014 (U.N. Food and Agriculture Organization, 2017) positively affecting the economy of blueberry-producing regions in the United States (Sullivan and Schilling, 2008) . In 2016, the top seven blueberry-producing states in the United States were Washington (54,470 t), Oregon (52,690 t), Michigan (45,370 t), Georgia (30,400 t), California (24,560 t), North Carolina (20,900 t), and New Jersey (16,111 t) (Brazelton et al., 2017) . In the United States, 52% of blueberries were used fresh and 48% were processed (Brazelton et al., 2017) .
Development of new cultivars has played and will continue to play a major role in the growth of the blueberry market in North America and worldwide. In the last two decades, breeding programs have developed improved cultivars that have supported the expansion of blueberry production into new growing areas, such as low-chill regions and the southern hemisphere. In the latest Global Blueberry Statistics Intelligence Report, Brazelton et al. (2017) suggested that-after a decade of significant production expansion and growth-the blueberry market in North America has matured and the industry was becoming more selective and quality-driven. In this new market phase, genetic gains will be a key factor to sustain the growth of the blueberry industry.
This research emerged from a planning grant (2016-51181-25401) funded by the U.S. Department of Agriculture, National Institute of Food and Agriculture-Specialty Crop Research Initiative to examine the current and future needs of research and extension for cranberry and blueberry. The overall goal of this project was to begin planning efforts to advance the genetic, genomic, and phenotypic resources available for blueberry and cranberry and develop genomic tools to guide and accelerate the development of improved cultivars. This study identifies breeding trait priorities in the U.S. and Canadian highbush blueberry industries.
The primary focus of blueberry breeding programs in the United States is to improve two types of highbush blueberry cultivars (Vaccinium corymbosum, 2n = 4x = 48) termed northern highbush blueberry (NHB) and southern highbush blueberry (SHB), the rabbiteye (RY) cultivars (Vaccinium virgatum, 2n = 6x = 72) and their interspecific hybrids (Hancock et al., 2008) . Of these, NHB and SHB cultivars are the most common types of blueberries cultivated throughout the world. The breeding of highbush blueberries is a long and tedious process. Traditional approaches can take from 9 to 20 years from the original cross, selection, and comparison with existing cultivars to cultivar release. In the last 10 years, marker-assisted breeding has become a costeffective strategy for crop improvement programs by increasing selection efficiency and shortening the time it takes to develop a cultivar (Yang et al., 2015) . However, the application of this technology requires extensive training, knowledge, and significant investments to generate genomic resources. For these reasons, it is critical to focus on genetic traits of maximum value (Alpuerto et al., 2009; Gallardo et al., 2012; Luby and Shaw, 2001; Yue et al., 2012) . Determining trait priorities is difficult because trait relevance depends on what sector of the supply chain is involved in the decision-making process. Only a few horticultural studies have investigated trait priorities for plant breeding programs Yue et al., 2012) . In blueberry, a consumer preference study assessed the impact of 36 specific blueberry sensory and psychological traits on consumer preferences (Gilbert et al., 2014) . Most research on blueberry breeding traits deemed important to the industry focuses on traits associated with climate and soil adaptation. For instance, tolerance to high soil pH and mineral soils, chilling requirement, and cold-hardiness have been identified as important traits for expanding the acreage of blueberry in nontraditional production areas in the United States (Hancock et al., 2008) . Early bloom, ripening interval, and frost tolerance are considered target traits to expand the harvest season and cover market windows where production is low and price is at a premium (Hancock et al., 2008) . Because of financial and labor shortage concerns, producers are increasingly interested in using machine harvesting to harvest blueberries to be sold in the fresh market (Takeda et al., 2008) . Firm fruit, suitable bush architecture, easy detachment of mature berries vs. immature berries, loose fruit clusters, small stem scar, and a concentrated ripening period have been identified as breeding goals to develop blueberry cultivars suitable for machine harvest (Olmstead and Finn, 2014) . These previous studies provide some insights about trait preferences, but a systematic investigation of the blueberry industry's trait priorities has not been conducted. Such information would assist in breeders' selection of traits and improve the efficiency of breeding programs.
The goal of this study was to survey and rank the blueberry industry's priorities for blueberry plant and fruit traits. A secondary objective was to compare these results with published reports on consumer preferences and on cultivar adoption in the industry. The results for the most important traits are discussed in the context of current scientific knowledge based on published phenotyping and genetic studies in blueberry. This will provide a framework to identify the objectives that breeders and allied scientists need to consider when designing research projects that can facilitate the selection of new cultivars with superior traits deemed important to the industry.
Methods
Survey design. Research priorities from seven state and provincial blueberry commodity groups (Michigan, Washington, North Carolina, Georgia, California, Oregon, and British Columbia) and two national or regional research organizations (USDA-ARS National Clonal Germplasm Repository Small Fruit Crop Germplasm Committee and the USDA-ARS Northwest Center for Small Fruits Research) were extracted from recent research grant proposal requests and research priority recommendations and grouped based on the production-related needs (e.g., pest and disease related needs) to identify clusters of fruit and plant traits that could directly or indirectly provide benefits to the blueberry industry. Hereafter, the term blueberry industry refers to nurseries, producers, packers, processors, breeders, and nonbreeder researchers. Six trait clusters were derived heuristically from this list, including 1) fruit quality, 2) disease resistance, 3) arthropod pest resistance (note that the survey used ''insect pest resistance'' to refer to arthropod pest resistance, which we use hereafter, because some pests are not true insects), 4) plant stress tolerance, 5) other plant traits, and 6) machine harvestability. Each cluster of traits included an ''other trait'' option in case we missed an important trait in the list of traits presented to the respondents. The survey form, which was approved by the Institutional Review Board, Washington State University IRB #15708, is available at the Vaccinium Planning Project web page (https://pgnglab.plantsforhumanhealth. ncsu.edu/vaccinium-project/survey/).
The traits included in the fruit quality cluster were color, crispness, firmness, flavor, nutritional benefit, shape/appearance, shelf life, size, small dry stem scar, sweetness, and ''other fruit quality traits.'' Disease resistance traits included the following: algal stem blotch (Cephaleuros spp.), Alternaria fruit rot (Alternaria tenuissima), anthracnose fruit rot (Colletotrichum fioriniae, syn. Colletotrichum acutatum), bacterial canker (Pseudomonas syringae pv. syringae), bacterial leaf scorch (Xylella fastidiosa), Blueberry scorch virus (BlScV), blueberry stunt (primarily 'Candidatus Phytoplasma asteris'), Botrytis flower blight and fruit rot (Botrytis cinerea), Exobasidium leaf and fruit spot (Exobasidium maculosum), fungal leaf spots (incited by multiple fungal taxa), rust diseases (Thekopsora minima or Naohidemyces vaccinii), mummy berry (Monilinia vaccinii-corymbosi), Blueberry necrotic ring blotch virus, nematodes (Paratrichodorus spp., Hemicycliophora spp., Xiphinema americanum), Phomopsis canker and twig blight (Phomopsis vaccinii), Phytophthora root rot (Phytophthora cinnamomi), Blueberry shock virus (BlShV), stem blight (incited by multiple species in the Botryosphaeriaceae), and ''other diseases.'' Arthropod pest resistance traits included resistance to spotted wing drosophila (Drosophila suzukii, SWD), blueberry maggot (Rhagoletis mendax), gall midge (Dasineura oxycoccana), flower thrips (primarily Frankliniella spp.), aphids (primarily Aphis sp.), scale insects (primarily Lecanium spp. and Eriococcus spp.), blueberry bud mite (Acalitus vaccinii), brown marmorated stink bug (Halyomorpha halys), cherry fruitworm (Grapholita packardi), sharp-nosed leafhopper (Scaphytopius spp.), cranberry fruit worm (Acrobasis vaccinii), stem borers (multiple species), white grubs (multiple species), stem gall wasp (Hemadas nubilipennis), plum curculio (Conotrachelus nenuphar), and ''other insect pests.'' Plant stress tolerance traits included frost tolerance, tolerance to heat/ ultraviolet (ultraviolet light) damage, drought resistance, winterhardiness, soil type adaptation, and other plant stress traits. Other plant traits included improved yield, ripening time, flowering time, self-pollination, and ''other plant traits.'' Machine harvestability traits included improvements in fruit firmness, uniform ripening, upright growth, loose clusters, flexible canes, monopodial stem, narrow habit, small dry stem scar, and other machine harvestability traits.
The survey asked participants to rank the relative importance of individual traits in each of the six trait clusters (questions 1-6) for a commercially successful blueberry cultivar and then to rank the importance of the six trait clusters (question 7). In each cluster, we asked respondents to rank the first, second, third, etc. most important and the first, second, third, etc. least important trait for a successful cultivar. The ordering number requested (first, second, third, etc.) depended on the number of traits included in each cluster. For example, the fruit quality cluster included 11 traits, hence ranking was requested for the three most and the three least important fruit quality traits. The disease resistance cluster included 19 traits, so we requested respondents to rank the five most and the five least important disease resistance traits. Other questions in the survey asked for sociodemographics characteristics of the decision maker and the blueberry operation itself included the following: the respondent's role in the supply chain (e.g., producer, nursery operator, packer, processor, breeder, and nonbreeder scientist); the size of the respondent's blueberry operation, expressed in acres of cultivated area; the number of years the respondent had been involved in the decision-making process of the operation; a list of blueberry cultivars representing the largest cultivated area in the respondent's operation; whether new cultivar(s) had been planted during the last 5 years; and the name of the state in which the largest cultivated area of the operation was located.
Data collection. The blueberry industry survey was conducted at commodity group meetings across nine U.S. Data analysis. To quantify significantly more or less important trait-and industryrelated variables across regions, we analyzed the data using an ordered probit model given that the dependent variable, the ranking of traits, was discrete and ordinal. The survey questions asked to identify the most and least important fruit and plant traits for blueberries, and each trait was assigned a value according to each respondent's ranking. For example, as indicated previously, there were 11 traits in the cluster fruit quality; the first most important trait for each respondent was assigned the number 1, the second most important trait 2, the third most important trait 3, the third least important trait 9, the second least important trait 10, and the first least important trait 11. Traits not identified by the respondent as being among the most important or the least important were considered middle choices and were assigned the median of 1-11, which is 6. This method has been used in previous research to elicit the relative level of importance of product attributes (Davis and Gillespie, 2004; Greene and Hensher, 2008; Yue et al., 2013) .
The ranking of traits is assumed to depend on underlying utility or measurement of preference derived from the presence of each trait in the blueberry cultivar. The respondents ranked the traits based on a perception of which traits would provide them with the most benefits. Here, the benefits are the present value of all the elements that the respondent considers when ranking the traits according to his/her preferences, which is the same role represented in the utility. This approach follows Lancaster's theory of consumer behavior that states that utility is not derived from a good but from the attribute composition of that good (Lancaster, 1966) . In this instance, suppose U it is the utility that respondent i derives from trait t and U it can be expressed by R it , which is the ranking assigned by each respondent to each trait. The empirical formulation is
where R n it represents the ranking of trait t, n is the number of traits in each cluster; Trait it is the binary variable representing trait t for respondent i (if trait t is selected as most important, then for R it = 1, Trait it = 1, 0 otherwise; if trait t is selected as second most important, then for R it = 2, Trait it = 1, 0 otherwise, and so on); Producer i is the binary variable indicating whether the respondent is a producer; Years i is the binary variable indicating whether the number of years of experience in the decision-making process of managing blueberry production is more than 10 (the average number of years in our sample of respondents); Size i is the binary variable indicating whether the operation is >16.2 ha (B. Strik, personal communication, 16.2 ha is the average minimum operation size for a producer to send their product to a packinghouse; for operations <16.2 ha, production is typically sold by direct marketing); Newcultivar i is the binary variable indicating whether a new cultivar has been planted in the last 5 years; Cultivar i is the binary variable for the cultivar with the largest acreage in the operation, q (q = 'Duke', 'Bluecrop', 'Legacy', 'Aurora', etc.); and e it is the residual error term that is not captured by the explanatory variables, which is assumed to follow a normal distribution with mean 0 and SD s.
Based on the state that respondents indicated as the location of the largest cultivated area (which was not necessarily the same state where the survey was distributed) responses were grouped into three regions. The Southeast included respondents with blueberry operations located in Georgia, Florida, North Carolina, Mississippi, Tennessee, and Alabama; the West included Oregon, Washington, and California, in the United States and British Columbia in Canada; and the Northeast and Midwest included New Jersey, Massachusetts, and Michigan. We combined responses from the Midwest and Northeast to ensure a sufficient number of observations because there were only 29 responses from the Midwest (Michigan). Because we conducted regressions for seven trait clusters (fruit quality, disease resistance, arthropod pest resistance, plant stress tolerance, machine harvestability, other plant traits, all trait clusters) and three regions (k = Midwest and Northeast, West, and Southeast), we present results for a total of 21 (= 7 · 3) regressions. The model coefficients were estimated using PROC QLIM in SAS v.9.3 (SAS Institute, Cary, NC).
In each regression analysis, the variable ''other trait'' was set as the base variable. Hence, the statistical significance of traits should be interpreted as relative to the base variable. Because the most important trait was assigned a rank of 1, the second most important was assigned 2, and so on; traits with significant negative coefficients were likely to be chosen as more important and traits with significant positive coefficients were likely to be chosen as less important compared with the ''other trait'' variable in each cluster. The magnitude of the coefficient estimates indicates the relative importance of the variable trait, higher values indicate higher relative importance compared with the base trait. Traits determined not to be statistically significant (i.e.,, not significantly different from the base trait) may still be considered of some importance to producers. The number of responses obtained from each region is different with 149 from the West, 155 from the Southeast, and 70 from the Midwest and Northeast. Arguably this difference in the number of responses would have an affect on the value of the coefficient estimates across regions. When presenting the coefficient estimates for all regressions, the McFadden likelihood ratio index (LRI) is included. This is a measure of goodness-of-fit that depicts the explanatory power of the model.
Results and Discussion
Summary statistics for producers by regions. We obtained 375 responses from 12 U.S. states and one Canadian province (Fig. 1) . These regions account for over 99% of U.S. production, 98.6% of U.S. and Canada highbush production, and 93.7% of North American highbush blueberry production (Brazelton et al., 2017) . The survey was conducted in nine states, but responses were recorded based on the state where the largest cultivated area of the respondent's blueberry operation was located. On average, 84% of respondents were producers, 9% were associated with packing houses, 6% with processing companies, 5% had other roles in the industry, 3% were associated with nurseries, 3% were nonbreeder researchers, and 1% were breeders. Note that these numbers do not add to 100% because some respondents marked more than one category. The average size of the blueberry operations was 46.1 ha. This size varied across regions, with the largest size in the Midwest and Northeast (54.8 ha), followed by the West (44.8 ha), and Southeast (43.0 ha) (Fig. 1) . The average number of years involved in the decisionmaking process of blueberry operations was 10.3 years. Years of experience varied across regions, with the Midwest and Northeast averaging 14.6 years, the Southeast 12.3 years, and the West 8.3 years (Fig. 1) .
Among the four cultivars with largest acreage currently growing in their fields, growers identified 30 NHB, 8 RY (V. virgatum), and 22 SHB cultivars (Supplemental Table 1). Overall, 'Duke' was the most predominant cultivar in production, followed by 'Bluecrop' and 'Emerald' (Supplemental Table 2 ). Interestingly, a comprehensive survey questionnaire on the blueberry industry of North America carried out in 1992 (Moore, 1993) included only two SHB cultivars. The larger number of important SHB cultivars included in our survey (22) is most likely a consequence of the rapid and more recent expansion of blueberry production into areas where low chilling conditions precluded their production in the past. Cultivars developed by breeders over the past 25 years underpinned this expansion (Lyrene, 2008) . Of the seven most predominant replanted cultivars, on average, only 31% of the respondents replanted the same cultivar (Supplemental Table 3 ) suggesting that respondents are willing to take risks in hope of increasing investment returns by adopting different cultivars with improved characteristics.
Across all regions and all seven clusters of breeding traits (Tables 1-7) , parameter estimates for the ordered probit model for the variables presented here (producer, years of experience, size of operation, whether new cultivars were planted, and the cultivars most planted) were not significant (data not shown), suggesting that differences are mainly explained by geographical regions and not biased by other factors.
Fruit and plant trait clusters. Parameter estimates for the ordered probit model differentiating results were different by region (Table 1 ). In the West and Southeast, fruit quality traits were the highest in importance among the clusters. In the Midwest and Northeast, disease resistance was the highest in importance, whereas fruit quality traits were the second highest. Disease resistance was the second highest in importance in the Southeast but less important in the West. Machine harvestability was the third highest in importance in the Southeast but less important in the West and the least important in the Midwest and Northeast.
Across all regions, fruit quality had the highest probability of being ranked most important. Fruit quality traits are crucial for the best prices and ultimately profits obtained by producers. Because fresh fruit is generally sold at a much higher price than fruit for processing, $6.11 vs. $1.56/kg, respectively (U.S. Department of Agriculture, Economic Research Service, 2017), growers desire to allocate as much fruit as possible into the higher valued fresh market when possible. To meet the standards of the fresh market, it is critical to not only have cultivars that produce fruit with excellent shelf life but also essential to have excellent machine harvestability for the fruit to be the most profitable in the processed market. So although fruit firmness, harvestability, flavor, and size are crucial for fruit in both markets, their relative importance may vary (Brown et al., 1996; Padley, 2005) . For instance, although a small, dry picking scar to avoid decay problems is essential for good shelf life in a fresh market berry, a berry that is frozen within hours of harvest does not have the same requirements. Similarly, fruit firmness is essential in both markets but for processing it is only essential for a berry to be harvested with no obvious external damage as it will be quickly processed whereas for the fresh market, fruit must have minimal internal bruising or other damage. Fruit quality traits. Except for the Midwest and Northeast region, the three most important fruit quality traits were firmness, flavor, and shelf life (Table 2) . Although the health benefits associated with blueberry consumption have been a main driving force for production and demand growth during the last 10-15 years (Forney and Kalt, 2011) , this trait was ranked as the least important in the West and Southeast but among the more important in the Midwest and Northeast. We have no good explanations for this difference. However, no research has been carried out to study the genetic inheritance of fruit quality components directly associated with health benefits (e.g., antioxidant capacity, anthocyanin content) and link them to specific breeding traits. This observation could explain the overall lower level of importance signaled by stakeholders for this trait in our survey. It is interesting to compare priorities for fruit quality traits identifiedlargely by producers-in this study with consumer preferences examined previously by Gilbert et al. (2014) . Consumers cited flavor and sweetness as positive and cited unpleasant textures such as mealy and pasty as negative characteristics. This was similar to the results in the present study where flavor was one of the most important fruit characteristics. Fruit firmness, which was appealing to the consumer as a component of fruit texture, is also important for hand or machine harvestability and shelf life (Moggia et al., 2017; Olmstead and Finn, 2014) and ranked as one of the most important traits. Flavor, size, and color are all part of the criteria used to determine grades and standards of blueberries and thus directly affect the price received by producers (U.S. Department of Agriculture, Agricultural Marketing Service, 1997).
Blueberries exhibit useful genetic variation for the most important fruit quality traits highlighted in this study (Hancock et al., 2008; Luby et al., 1991; Retamales and Hancock, 2012) , suggesting opportunities to identify molecular markers associated with these traits that can be used to improve fruit characteristics that match consumer preferences and industry priorities. Indeed, several previous studies provided insights into the variability available in blueberry germplasm for fruit quality characteristics, including volatile compounds (Du et al., 2011; Farneti et al., 2017; Gilbert et al., 2015) , flavor and taste (Gilbert et al., 2014; Saftner et al., 2008) , chemical composition such as sugars and anthocyanin content (Gilbert et al., 2015; Silva et al., 2005; Yousef et al., 2014) , texture (Ehlenfeldt and Martin, 2002; Giongo et al., 2013; Silva et al., 2005) , shape and size (Parra et al., 2007) . Fruit texture characteristics, such as firmness or crispness, have been associated with improved machine harvestability (Mehra et al., 2013; Olmstead and Finn, 2014) , shelf life (Moggia et al., 2017) , and consumer preferences (Gilbert et al., 2014) .
Disease resistance. In all regions, resistance to mummy berry disease was the highest in importance (Table 3) . Mummy berry is of economic concern in most areas of blueberry production from the southern United States to Canada and occurs in all species of cultivated blueberry (Scherm and Hildebrand, 2017) . Because of the near-zero tolerance for mummified fruit in commercial blueberry shipments, most losses associated with the disease are due to the rejection or downgrading of affected fruit loads in the packinghouse. In line with our results, a producer survey in Georgia in 1999 ranked mummy berry as the most important blueberry disease, considered a ''major'' problem by more than 75% of the participating blueberry producers (Scherm et al., 2001 ). Differences in environmental conditions across regions can influence the specific types of diseases and potential disease vectors (Hancock et al., 2008) . For example, in the Midwest and Northeast, resistance to Blueberry stunt appeared to be more important than in the West and Southeast.
Arthropod resistance. In all regions, resistance to SWD was the most important trait among the list of arthropod resistance traits (Table 4) . SWD is a relatively new pest (first detected in 2008 in the United States) that adapts to a wide range of environmental conditions and is very damaging because of its high reproduction capability (Goodhue et al., 2011; Quarles, 2015) . Although comprehensive research efforts have been undertaken to prevent and treat SWD infestations (Asplen et al., 2015; Burrack, 2016) , no formal studies have been conducted to identify blueberry fruit characteristics or accessions resistant to SWD that could help manage this pest and reduce the risk of crop losses.
Similar to disease resistance, prevalence of arthropod activity is influenced by environmental conditions, hence, the relative importance of other arthropod pest species differed across regions. For example, resistance to winter moth was second in importance after SWD in the Midwest and Northeast but not considered as important in the West and Southeast.
Abiotic stress tolerance. Results for traits in this cluster differed across regions (Table 5 ). In the West, tolerance to heat/ ultraviolet damage was selected as the most important abiotic stress, whereas in the Southeast tolerance to frost was most important. In the Midwest and Northeast, no specific abiotic stress tolerance was significantly more important, but heat tolerance was significantly less important. The higher level of heat tolerance identified in southern highbush (SHB) cultivars (Lobos and Hancock, 2015) may explain the fact that this trait did not rank high in importance in the Southeast. No formal studies have been conducted to identify genetic factors controlling ultraviolet/heat tolerance, drought tolerance, or frost tolerance in blueberry but genetic variation, different levels of heritability, and large environmental effects have been documented (Hancock et al., 2008) .
Other plant traits. In all regions, improved plant yield was selected as the most important other plant trait (Table 6 ). Acceptable yield is critical for profitability, although producers may accept lower yields if they are being paid a premium for fruit quality or for having fruit available in a specific ripening season. Genetics, production environment, and plant management (fertilization, irrigation, pruning, frequency of harvest, use and type of pollinators and planting design) affect yield levels. Although attempts have been made to estimate yield indirectly (Hancock et al., 2000) , fruit must be harvested and weighed to determine yield accurately; this is feasible in more advanced selection stages of breeding but cannot be used as a selection tool in seedlings where mostly subjective evaluations are used.
Machine harvestability. Fruit firmness and uniform ripening were the two most important traits included among machine harvestability traits (Table 7) . Overall, these results confirm that fruit firmness is a critical trait in blueberry because it can contribute to increase profitability by increasing price premiums and reducing labor costs needed to harvest the fruit. Implementing mechanical harvesting for the fresh market is crucial to the long-term sustainability of the blueberry industry in times when harvest labor pools are decreasing and competition from regions worldwide with much lower picking costs is intensifying (Rodgers et al., 2017) . The challenge when using machines to harvest blueberries is fruit bruising and associated lowering of fruit quality and shelf life. Fruit firmness is a general term to indicate fruit that are resistant or more tolerant to compression forces, which ultimately reduces fruit bruising during harvest and sorting. Breeders typically use this trait to select cultivars adapted to mechanical harvesting (Mehra et al., 2013; Moggia et al., 2017, Olmstead and Finn, 2014) . Firmness has largely been evaluated subjectively by simply squeezing the fruit and objectively by using the compression force method (Jiang et al., 2016) and, as mentioned previously, has also been associated with consumer preference and extended shelf life. Despite the relevance of this trait in the blueberry production and distribution chain, it is still unclear which specific fruit texture characteristics-such as crispness, hardness, juiciness, and mealinessare most critical for overall firmness and extended shelf life, consumer preference, and resistance to bruising. Alternative highthroughput methods based on bioyield force (Blaker et al., 2014) and near-infrared hyperspectral reflectance imaging (Jiang et al., 2016) have been developed to evaluate fruit damage. Mechanical force methods such as the texture analyzer have been used to study fruit texture characteristics associated with extended shelf life, but this method has not been correlated with resistance to mechanical fruit damage (Giongo et al., 2013) . Integrating these methods into large-scale studies represents an opportunity to improve the understanding of which texture component(s) contribute to resistance to bruising and to extended shelf life, and the genetic mechanism(s) controlling these traits.
Harvesting time is a critical factor for adopting machine harvest systems because producers often seek to maximize the volume of fruit harvested in the high-value price windows (Olmstead and Finn, 2014) . This has often resulted in selection for very early or late maturity, largely without consideration of how concentrated the ripening period may be. However, uniform ripening is critical to maximize machine harvest efficiency by avoiding losses associated with removing an excessive amount of green fruit or harvesting too many overripe fruits (Olmstead and Finn, 2014) . Uniform ripening is equally important for efficient hand harvesting. Although genetic variation for ripening interval has been described in blueberry germplasm, no standardized high-throughput method has been developed to phenotype uniform ripening, hampering large-scale genetic studies.
Conclusions
This study is the first effort to identify the most important fruit and plant breeding traits from representatives of the highbush blueberry industry in the major growing areas in the United States and Canada. The importance of various plant and fruit traits was prioritized to determine the traits that must be present in new cultivars in order for the industry to adopt them and to be considered successful in the marketplace. Industry responses, in general, signaled that the most important trait cluster was fruit quality, particularly firmness, flavor, and shelf life. These fruit quality traits can affect producer price premiums, positively drive consumer demand, and improve machine harvestability, all of which are critical to the economic viability of the commercial production.
Disease resistance generally ranked the second most important trait cluster. There were regional differences in the importance assigned to traits influenced by differences in production environment, such as disease resistance, arthropod resistance, and tolerance to abiotic stress. With respect to arthropod pests, SWD was overwhelmingly perceived as the major arthropod threat to the industry's sustainability. For other plant traits, yield was consistently selected as most important. Survey responses also showed that producers replanting a field are willing to adopt newer cultivars with perceived advantages over currently grown cultivars.
Results from this study will be useful to academia, government, and industry groups working to enhance the economic profitability of the blueberry industry. These results provide clues about where investment in research and development should focus to address challenges affecting the industry. 
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